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SUMMAFX 

An investigation has been conducted to determine the effect of both 
six- and eightilade dual-rotation propellers on the Internal-flow char- 
acteristics of an NACA l-series D-type cowl, and the effect of the cowl 
on the characteristics of the propellers. The pressure recoveries at 
the cowl inlet and the characteristics of the propellers were measured 
at Mach nmbers from 0.13 to 0-84, inlet velocity ratios fram 0.27 to 
1.08, advance ratios from 0.80 to 7.29, and propeller blade angles from 

A 400 to 700. Included are results of surveys, with the propellers removed, 
of the local velocity distributions ahead of the cowl, measured in the 

w m planes of both the front and rear components of the dual-rotation prw 
peller, for an NACA 146.5085 spinner, and in the plane of a single 
rotation propeller, for the shorter NACA l-46.-47 spinner. All tests 
of the dual-rotation propeltipinne~owling combination were conducted 
with the model at an angle of attack of O" and ataReynolds number of 
1.0 million per foot (1.3 million based on the maximum cowl diameter). 

With the propeller removed, the rar+recovery ratios for the spinner- 
cowling combination were greater than 0.96 at inlet velocity ratios above 
0.51 snd were not affected by compressibility. 

I 

Operation of either the six- or eight-blade dual+rotation propeller 
ahead of the cowl, at maxlmum efficiency for a given blade angle, resulted 
in lower recoveries than those for the cowling with the propeller removed. 
Also, pressure recoveries for the six--blade propeller-spinner-cowling 
combination were higher than those for the cowlwfth the eightilade prw 
peller, although the recoveries for the cowl with either dual-rotation 
propeller were lower thanthose for a similar cowlwitha four-blade 
singlerotation propeller. 

F 
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At the design Mach number of 0.80, inlet velocity ratio of 0.50, and 
advance ratio of 4.2 and the near-design blade angle of 650, the maximum 
efficiencies for the six- and eight&lade dual-rrotation propellers Kith 
the cowl were 75 and 76 percent, respectively. 

The maxfmum efficiencies of the six- and eight-blade dual-rotation 
propellers when operating in the presence of the cowl were higher, at 811 
comparable conditions, th8n those for the isolated du8l~otation propeller- 
spinner cotiinations. 

The effect of inlet velocity ratio on the propeller characteristics 
w-88 small. 

IN!lBODUCTION 

The successful applic.ation of the turbine-pro~ller-ty-pe poxer 
plant is dependent, in p8r-t, on the colnbined efficiency of the propeller 
and ailcinduction system. 

Considersble research h&s been conducted to determine the effect of 
propeller operation and propelleI--spinnepjuncture configuration on the 
internal-flow characteristics of an NACA D-typ~ cowl 8nd the effect of 
the cowl on the propeller characteristics (refs. 1 to 6). rnvef3tig8tions 
also have been conducted to determine the internal4low characteristics 
of 8 singlerotation MCA E-type cowl (refs. 7 and 8). However, the 
major portion of these investigations has been carried out with regard 

q 

4 . 
to single+?otation propellers of current design Suft8ble for turbine- 
propeller powerplant install8tions (rsfs. 1 to 4). In contrast, the 
data &W%il&ble in regard to dual~otation prO@lerS 8re limfted prim- 
arily to the effect of propeller operation and propeller-spinner-juncture 

atfon on the internal+low characteristics of the mACA D-type 
5 and 6). 

Because of the many significant advantages of the dual-rotation 
propeller 8s compared to the single~otation propeller (i.e., reduced 
diameter, higher efficiency, absence of reaction torque, and less nofse), 
an ltnvestigation has been conducted fn the Ames 12-foot pressure wLnd 
tunnel to determine the effect of both sti- snd eight-blade dual-llOt&tiOn 
propellers on the internal4'low characteristics of an NACA D-type ccr~l 
and the effect of the cowl clll the propeller characteristics. Onephase 
of the investigation, the determin8tion of the aerodynamic character 
istics of the six- and eight+blade propellers in the absence of the cowl, 
has been reported in reference 9. 

1 
. 
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In the phase of the investigation reported herein, tests were made 
tith the cowling-spinner co&inat$on alone (propeller removed) and with 
the cowlin~pinner cotiination in conjunction with both six- and eight- 
blade dual-rotation propellers. 

NOTATION 

a 

B 

b 

CP 

CT 

Cz a 
D 

4 H 

- HI- . 
H--p 

h 

J 

M 

Mt 

n 

P 

speed of sound1 

nuder of blades 

blade width 
P power coefficient, - 

pn3D5 

T thrust coefficient, - 
pn?D" . 

blade-section design lift coefficient 

propeller diameter 

total pressure1 

rmecovery ratio 

nrs~im thiclmss8 of blade section 
VO advance ratio, g 

Mach nmiber, % 

tip Mach number, 

propeller rotational speed * 

power 

IAs used herein, values of a, 3, p, V, and p appearing without s* 
scripts refer to conditions in the wind--tunnel air strew at a datum . velocity that has been corrected for blockage by the cowling but is uncor- I rected for wind&mnel-wall constraint on the propeller slipstream. 
(See ref. 2.) s 
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F 

R 

a 

statfc pressure2 

propeller-tip radius 

radius from center of rotation 

thrust 

local velocity in propeller plane 

air-stream velocity2 

equivalent free-air velocity (aircstream velocity corrected for 
-tunnelwall constraint on the propeller slipstream) 

inlet velocity ratio 

propeller blade angle at 0.75 R 

difference between the blade angles for the front and rear cow 
ponents of the dual-rotation propellers 

design propeller+lade-sectfon angle 

efficiency, 2J 
CP 

mum density of ai~? 

Subscripts 

rarmrecovery rake location 

front component of dual-rotation propeller 

rear component of dual-otation propeller 

apparent (applied to propeller characteristics when operating 
ahead of the cowl) 

--A 

” 

4 

. 

2See footnote 1 on page 3. 
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bKlDEL AND APPARATUS 

5 

4 

A The model used in this investigation consisted of an NACA l-62.8470 
D--type cowlincoxibinationwithanNACA l-46.5-085 spinner and 
NACA 4-(5)(05)X)37 six- and eight+lade dual-otatlon propellers. (See 
refs. 10 and 11 for explanation of cowling-spinner and propeller deal*' 
nations, respectively.) A photograph of the model mounted on the lOO+ 
horsepower dynamonaeter in the Ames 124'oot pressure wind tunnel is shown 
in figure 1. A sketch of the general model arrengenrent, showing the 
principal model dimensions, is shown in figure 2. 

Design Conditions 

The model investfgated simulates a propeller+owlin~plnner 
combination for a turboprop installation having the following design 
requirements: 

Altitude, ft . . . . . . 
Mach nuniber(cruise) . . 
Horsepower . . . . . . . 
Engine air flow, lb/set 
Propeller d&meter, ft 

Six-&lade dual. . . . 
Eight-blade dual . . . 

Advance ratio . . . . . 
Inlet velocity ratio . . 

............... .35,m 

................ .0.80 

................ 
'5% ................. 

. . . . . . . . . ..I..... .19 

................. .lS 

................. 4.2 

................. 0.5 

Spinnelccowling Conibinatlon 

TheNAC!A1~2.~7OI+tgpe cowlandthe NA.CAllc6.W& spinner 
were selected, on the basis of the design requfrements, in accordance 
with the method of reference 10. The cowling selected was the sag as 
that described in reference 1, except that the dlax&er of the model was 
increased to accommodate the larger dfameter spinner requfred to enclose 
the dual-rotation propeller+ub assembly. An NACA l-series inner liner 
was incorporated at the inner lip, as recormnended in reference 10, to 
delay the separation of the air flow from the inner lip at high fnlet 
velocity ratios. Coordinates for the cowliwpinner combination are 
shown in table I. 
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Propellers and Propeller-Spinner Juncture -4 

The NACA &-( 5)(05)*37 six- and eight-blade dual-rotation propellers 
were those described in reference 9. The bladeorm curves for the pro- 
pellers are shown in figure 3. Except for total solidity, the six- 
and eight--blade dualrotation propellers were identical. 

L 

The propeller-spinner junctures shown in figure 4 are of the platform 
type, identical to those recormnended in reference 5 and used with the 
NACA l-46.-5 spinner reported in reference 9. A sketch and the coor- 
dinates of the platform are shown in figure 5. The surfaces of the plat- 
form and propeller blade that bound the gap were formed by rotating the 
surface elemnt defined by the platform coordinates, tabulated in figure 5, 
about the axis of the propeller blade in order that the gap between the 
platform and the blade remain unchanged as the blade angle is varied. The 
platforms were set to aline with the propeller blade sections when the 
blade angle of the front component of the dual+rotation propeller was set 
at 65% 

lOOC-Borsepower Dynamometer 

The 10004oreepower dynamomter used for this investigation was the 
dynamolnster described in detail in reference 11, modified for use in 
testing dual-rotation propellers by the installation of a gearbox within 
the dynamometer housing and a torquemeter on each of two concentric pro- 
peller drive shafts aa described in reference 9. These two torquemders 
were simlllar in design and operation to the torquemeter described in 
reference 11 but had one half the capacity and twice the sensitivity. 

Instrumentation 

The Instrumentation of the model was identical to that described in 
reference 1 and consisted of four shielded total-pressure rakes and two 
static--pressure rakes. Each rake was composed of eight tubes disposed 
radially across the duct in such a manner that each total-pressure tube 
was in the center of an area equal to one thirtwecond of the total duct 
area. Calibration of these total-pressure rakes indicated that the error 
in the lneasured impact pressure was probably less than 1.0 percent at 
angles of attack up to 40° for &ch numbers up to 0.85. No attempt was 
made to calibrate the static-pressure rakes as the measured static 
pressures were considered,to be within the accuracy required for the 
calculations of inlet velocity ratio. 

r, 

‘L 
I 

. 

The survey rake used to determine the local velocities in the pro- 
peller plane consisted of 24 static-pressure tubes-at the radii listed 
in table II. 
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'ICESTSAW EEDUCTIOIP~DKFA 

Tests 

In the investigation reported hereti, tests were msde with the 
cowling+pimercozibinationalone (propellerremved) sndwiththe 
c~l~plnnercomb~tionfncosjunctianwithb~hsix--andi~~ 
blade dusl-mtatfonprogellers. WiththepropeUerre&ved,measmemtis 
were made of the pressure recove3des at the cowl inlet end the velocities 
in the plane of each ccmponelrt of the propeller at Met velocity ratios 
from 0.2‘7to 1.09 szd for Mach mu&em from 0.30 to 0.84. With the 
propeller installedandoperating,measuremsntswere made ofthepressure 
recoveryatthe cowl Met andthethrust,torq~, androtatfcmalspeed 
of both dual+xtaticm propellers for blade angles from&Ooto 70°, Xach 
nmibers from 0.30 to 0.84, and inlet velocity ratios from 0.27 to 1.08, 
as listed in table III. 

For all propeller tests, the difference between the frorct and rear 
propeller blade angles (B&$) was 0.8o (design a). 

Surveys of the velocity distributions In the plane of the propeller, 
with the propeller removed, were made for the singl+rotation spinnez+ 
cowling combinatfon (NACA l&.-47 spinner, NACA l-62.8470 I&type cowl) 
reported in reference 1. 

All tests of the dual=otation propelIe+spimer-c owling combination 
were made with the model at an angle of attack of O" and at a Reynolds 
number of 1.0 million per foot (1.3 tillion based on the maximum cowl 
diameter). The velocity surveys near the sin@*rotatipn sptie-cowling 
combination were made at a Reynolds nwnber of 1.8 millIon, based on the 
maximum cowl dimeter. 

The Machnu&ers gfveninthIs report me the average Machnu&ers 
overthe disc sxea ofthepr~ller,deter&nedbyvelocitysumeys in 
the presence of the dynamomter body with the cowl removed, as reported 
ia reference ll. The~chn~er(anatheco~sponafngagnamfcpressure) 
was corrected for the w%md&nmnelblockage due to the cowl by the method 
of reference l2,but inno case did this correctionexceedlpercerct. 
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The air-streamvelocity (and, consequently, propeller advance ratio 
snd efficiency) was comcted for the wind-tunnel4all constraint on the 
propeller slfpstresmby the s&hod of reference 13. For Mach numbers of 
0.30 and above, at all of the test blade angles, this correction dW not 
exceed 2 percent snd was less than 4 percent at a Mach n&r of 0.13. 

FlowSurveys 

The inlet velocity ratlo, calculated In accordance with the x&hod 
of reference 14, canbe readily converted to mass4low ratio by use of 
figure 4 of reference 14. 

The ram-recovery ratio presented as a function of radial location 
in the duct is the arithmetic average of the recoveries from the four 
total-pressure tubes at each of the eight radial locations. All other 
values of r-recovery ratio were computed from sn aritmtic average of 
the readings fromall 32total--pre8~~t~be~, which is equivalent to an 
areewefghted average. 

The local velocities in the propeller plane were corrected for the 
rake calibration andforthe radialvelocitygredlent inthetunnel 
(ref. 11) due to the influence of the 

. 
dpmmometer body. However, no 

attempt was made to correct the static-pressure read- near the surface 
of the spinnsr for flow angularity, and, as a result, the values of local n - 
velocity presented herein for the low inlet velocity ratios may be 
somewhat in error. 

Thrust and Torque 

The thrust,torque, and rotational speed of the propellers were 
measured in amanner simflartothatreporked in reference Il. The 
thrust, as used herein, is the algebraic difference between the l-i- 
tudinal force producedbythe propellercepinner co&&oat&n operating in 
the presence of the cowlsndthelo@.tudinalforce producedbythe spinner 
alone (also inthe presence of the cowl) at the sass air velocity, density, 
and inlet velocity ratio. The method of determining the propeller thrust 
is discussed fn detail In references 2 and ll. Thetotaltorque presented 
for the dual-rotation propellers fs the sum of the torques measured for 
the front and rear components of the propeller. . 

Analysti of the accuracy of the separate lllsasurenaents of thrust, 
torque, and aiz-stream velocity, as in reference 11, indicates that errors - 
in the propeller efficiencies reported herein are probably less than 2 
percent. 
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q RESDTXSANDDISCUSSIEOm 

v 
24. 

the results of this investigation are presented in figures 6 through 
An index of these figures is presented in table III and gives the 

model configuration and the range of the variables for each figure. 
Additional values of the velocity ratios in the plane of the front and 
rear components of the dual-lrotation propeller and the single-rotation 
propeller, with the propellers removed, are tabulated in table IT. 

Internal-Flow Characteristics 

Spinnez-cowling cotiination with propeller removed.--Examination of 
the rwecovery ratios presented in figure 6 for the NACA l-62. &I70 
D-type cowl in conibinationwith an EACA 146.5dI85 dual~otation spinner 
indicates that the losses in recovery were a result of the bounwlayer 
build-p on the spinner. 

i 

The comparison fn figure 7 of the averages of these data with corn- 
parable data from reference 1, for a similarly designated cowling with 
au INCA 1-46.5-O47 spinner, shows that the recoveries obtained with the 
long (485) spinner were lower for all test inlet velocity ratios (1.5 
percent lower at the respective design conditions: M = 0.80, V& = 0.50 
for the -085 spinner, and M = 0.80, VI/V = 0.42 for the -047 spinner). 
Figure 7 also shows that, because of the increase inboundmy-lager 
thickness for a constant inlet velocity ratio due to the longer -O85 
spinner (13.22 inches as compszedto 6.58 inches for the -047 spinner), 
the inlet velocity ratio required to avoid excessive losses in the duct 
was higher for the -5 spinner than for the -047 spinner (0.51 as co* 
pared to 0.45). A further comparison in figure 7 of the present data with 
those for a model of the sam geometric proportions (reported in ref. 5) 
shows relatively good agreement (less than l-percent difference in recovery 
at the design condition), except at inlet velocity ratios greater than 0.8. 
In regszd to the data from reference 5, it may be noted that in that 
reference the high recoveries at inlet velocity ratios greater than 0.8 
were associated with a condition of extensive laminar flow over the 
spinner. Differences in the spinner surface conditions between the tie1 
of reference 5 and the model reported herein (the spinner of reference 5 
had a smooth, continuous, painted surface, whereas the spinner of the . 
present investigation had machined surfaces and a discontinuity at the 
gap between the front and rear components) may account for the differences 
in recovery at the high Inlet velocity ratios. It should also be noted 
that there were differences in the total-pressure-tube instrumentation 
and the location of the survey station between the two models. The model 
reported in reference 5 had one rake at the top vertical center line, 6 
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percent of the cowl diameter behind the leading edge of the cowl as cm 
pared to the present model having four rakes 900 apart, 18 percent of the 
cowl die3neter behind the leading edge of the cowl. 

The r- covery ratios for the present model were greater than 0.96 
at inlet velocity ratios greater than 0.51 and were not affected by corn- 
pressibility within the range of Mach nwibers covered in this investigation 
(fig. 7). It can be seen from figure 6, however, that increasing the 
inlet velocity ratio to values greater than 0.50 resulted in a decrease in 
the recovery near the outer surface of the duct. 

Spinnel--cowHng cotiination with propeller operating.- Examination of 
the data presented in figures 8 to 12 indlcates that with the addition of 
the dual-rotation prope'lier to the spinne~~~~ling combination, the recov- 
eries behind the operating propeller were affected not only by the spinner 
boundary layer, as was the case with the propeller removed, but also by 
the angle of attack (loading) of the platform and inner portions of the 
propeller blade, the air flow through the gap between the platform and 
the propeller blade, and other prolpeller interference effects. 

Analysis of the data in figures 8 to 12 indicates that for a constant 
inlet velocity ratio, operation of the propeller at combinaticms of blade 
angles, rotational speeds, and forward speeds that increased the angle of 
attack (and thus the loading) of the platform and the inner portion of the 
blade generally resulted in increased recoveries due to the pumping action 
of the platform and inner portions of the blades. As can be seen from 
figures 8 and 9 for the low Mach nunibers, recoveries in excess of 1.0 were 
obtained when the propellers were operated at blade angles up to 600 and 
athighrotational speeds. For these operating conditions, it is apparent 
that the pumping action of the platform and inner portions of the blade 
added sufficient energy to the air stream to overcom ths energy losses 
due to the spinner boundary layer. A further analysis of the data in 
figures 8(a) and g(a) indicates that at blade angles of 40' and 50° 
the large effect of rotational speed on the pressure recoveries results 
from the fact that the angle of attack of the inner portions of the blade 
varied over a wide range (e.g., fora S, = 40°, J = 1.1 to 2.0, and 
r = 4 inches the change in angle of attack was of the order of 12O). 
Also at these conditions of operation, the difference in the angle of 
attack of the platform and inner blade sections is quite large and, as 
can be seen from figures 11(a) and (b) for the high inlet velocity ratios, 
this difference in angle of attack (loading) plus the air flow through 
the Juncture gap resulted in a relatively uneven distribution of recovery 
radially across the duct. At a propeller blade angle of 40' and for the 
advance ratios presented in figures 11(a) and (b), the platform was 
operating at a positive angle of attack and producing thrust; whereas the 
inner blade sections were operating near zero angle of attack. At the 
low inlet velocity ratios, the platform did not impart sufficient energy 
to the air stream to overcome the energy losses due to the spinner 
boundary layer. 

4 

. 
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Although decreas+g the inlet velocity ratio at a constant B&h 
nuder, blade angle, and rotatfmal sp&d also increased the angle of 
attack of the platform and Inner portions of the blade, it is apparent 
from figures 8 to 12 that for a given decrease in inlet velocity ratio, 
the losses in energy due to the increase in spinner boundary-layer 
thickness were greater than the increase in energy imparted to the air 
stream by the change In angle of attack of the platform and inner blade 
sections, resulting in an oveIcBu decrease in recovery tith decreasing 
inlet velocity ratio. 

. 

The effect of Mach nmiber on the pressure recoveries at the inlet 
is readily apparent in figure 12, in which it can be seen that for a 
constsnt blade angle, inlet velocity ratio, and advance ratio, an increase 
in Bach number generally resulted in a decrease fn recovery, due to the 
compressibility effects on the platform and Inner portions of the blades. 
However, it can also be seen from figure I2 that, for a blade angle of 
60°, the inlet velocity ratio at which excessive losses occurred at the 
cowllnletwas lower athQhMachnt&ers thanthatat 1owMachnkbers. 

The recovery data presented in figure 13 show that the addition of 
either the six- or eight-Made dualqotation propellers to the basic 
cowling-spinner combination resulted in an appreciable decrease in 
recovery due to the interference effects of the propellers. How-ever, 
figure 13 (and also figs. 8, 9, and 11) shows that for a given set of 
operating conditions, the recoveries for the six-blade propeller were 
higher for all the test conditions than those for the eight&lade pro- 
peller. This indicates that the effectiveness (relationship between 
pumping action and interference effects) of the platform and inner 
portions of the blades was higher for the sixdlade propeller than for 
the eightSblade propeller. 

Sealing the gap between the platform and propeller blade, for the 
blade angle at which the propeller was alined with the platform (figs. 
10 and lk),resulted in higher recoveries at the cowl inlet throughout 
the test range of inlet velocity ratios than those for operation of the 
propeller with the gap open. This effect is similar to that reported 
in reference 6 and can be attributed to eliminating the flow through 
the gap. Although sealing the platform gap of the dual-rotation pro- 
peller of this report resul.tedinarelativ-elylargeincrease inrecovery, 
the effect of sealing the gap of the single-rotation propeller reported 
in reference 1, for a c-able condition, was small, 

The comparison presented in figure 14 also shows that the recoveries 
at the respective design advance ratios and near design blade 
angles were generally lower for the dual-rotation propellep-spfnner- 
cowling conibination of this report than those for the single-rotation 
propeller-spinner-cowling cox&ination reported in reference 1 or the 
singlerotation E+-pe cowl reported in reference 8. However, at high 
values of inlet velocity ratio the E-type cowl operated as a turbine, 
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absorbing energy from the air stream, with consequent losses in recovery 
as compared with those for the cowl with the dualqotation propellers. 
These lower recoveries obtained for the dual-rotation pro~eller-spinner 
cowling combination resulted from the increased boundary-layer thiclmess 
due to the longer -085 dual-rotation spinner and the larger interference 
effects of six- and eight-blade propellers as compared to the single- 
rotation propelle2cspinner+owling combination or the singlerotation 
E+-pe cowl. 

Propeller Characteristics 

In accord with the discussion in reference 15, the characteristics 
of both the six- and eight+LLade dual-rotation propellers operating in 
the presence of the cowl are presented as apparent values (figs. 16 
to 23) since the determination of propulsive thrust was precluded by the 
fact that it was impractical, with the dynamometer arrangelpent used in 
the present investigation, to measure the increase in drag of the cowl 
and dynamomter parts within the influence of the propeller slipstream. 
Surveys of the velocities in the planes of both the front and rear com- 
ponents of the dual-rotation propeller with the propeller removed 
(table II and fig. 15) show that the cowl had a considerable effect on 
these velocities, especially in the plane of the rear component where 
at low values of inlet velocity ratio the local velocities near the 
surface of the spinner were reduced nearly 30 percent. As would be 
expected with these reduced velocities, the thrust and power coefficients 
for the dual-otation propeller operating ahead of the cowl were greater 
than those for the isolated propeller-spinner comhinatioa of reference 9 
when operating at the same advance ratio, blade angle, and Mach number, 
aa shown in figure 20. 

Power coefficients.- The power coefficients presented in figures 
18 and 19, show that for A$ = 0.8, the front and rear components of 
the dualrotation propellers did not absorb equal power when operating 
at the advance ratio for maximum efficiency. On the basis of the data in 
reference 9, it would be expected that, had the propellers been operated 
at the ~38 for equal power absorption by both components of the dual- 
rotation propeller at the advance ratio for maximum efficiency, the 
efficiencies would probably have been of the order of 2 percent higher. 

Effects of solidity and of sealiw the juncture gap -The comparison 
in figure 21 of the characteristics of the six- and eight-blade dual- 
rotation propellers, on the basis of equal total activity factor, shows 
good agreement between the characteristics of the two propellers. 

As would be expected from the data reported in references 2 and 9, 
operation of the propeller with the gaps between the platforms and 
propeller blades sealed resulted in nossi 

-dF 
ificant 

peller characteristics (fig. 2&)-i“ 
change in the pro- 

-= 



WA RM A5kf22 13 

Maximum efficiency.- As can be seen from figure 23, the msximum 
efficiencies obtained for the dualrotation propellers in the presence 
of the cowl were higher at all comparable Mach numbers and blade angles 
than those for the isolated propeller-spinner combination. At a blade 
angle of 65O (near design blade angle) and a PlIach number of 0.80 (design 
Mach number), the efficiencies of the six- and eight+lade dual-rotation 
propellers with the cowl were 75 and 76 percent, as compared to 63 and 61 
percent for the isolated condition. In comparison, the efficiencies of 
the fomlade single-~otation gr opeller, reported in references 2 and 11, 
at the design blade angle of 60 and the design Mach number of 0.80 were 
78 and 59 percent for the cowl-on and *ff conditions, respectively. It 
should be emphasized that the changes in maximum efficiency due to the 
addition of the cowl for these propellers for the design, or near design, 
conditions apply only thereto: that is, at a given Mach nur&er the change 
in efficiency would not necessarily be the sams for some other blade 
asgle. It may be noted that on the basis of the velocity ratios presented 
in figure 15 and table II, the interference effects of the cowl on the 
m~tximum efficiency of the dual-otatfon propeller would be expected to be 
somewhat less than that on the single-rotation propeller, due to the fact 
that the front component of the dualrotation propeller was little affec- 
ted by the flow field about the cowl (with near free--stream velocity 
over the entire blade); whereas the interference of the cowl on the single- 
rotation propeller and the rear component of the dualqotation propeller 
was quite pronounced over the inner portion of the blades and of approx- 
imatelythe sams magnitude. However, due to geometric differences between 
the single- and dualrotation propellers which preclude the citing of 
comparisons on the basis of equal blade angle, the relative interference 
effects of the cowl on the maximum efficiencies of these propellers 
cannot be determined from the data available. 

The maximum efficiencies for the cowl-on conditions reported herein 
and in reference 2 are presented for an inlet velocity ratio of 0.80. 
However, examination of the propeller characteristics in figures 16 and 
17 shows that the effect of inlet velocity ratio on the thrust and power 
coefficients and on the propeller efficiency was small. Similarly, results 
presented in reference 2 show that for the four--blade single-irotation 
propeller, the effect of inlet velocity ratio on the propeller character- 
istics was also small. 

The following remarks may be made regarding the results of the sub- 
ject investigation. 

With the propeller removed, the rm covery ratios for the spinner- 
cowling combination were greater than 0.96 at inlet velocity ratios above 
0.51 and were not affected by compressibility in the test range of Mach 
nu&er. 



14 NACA RM A54522 

Operation of either the six- or the eight+KLade dual+rotation 
propeller at the advance ratio for maxfElllI efAlciency restited in lower 
pressure recoveries than those for the spinner-cowling combination with 
the propeller removed. However, for certain off-design conditions for 
the propellers when the platforms and inner blade sections were highly 
loaded, operation of the propellers improved the pressure recoveries 
and for certain conditions gave pressure recoveries greater than 1.0. 
Also, pressure recoveries for the six+lade propeller-spimelccowling 
cotiination were higher than those for the cowl with the eight--blade 
propeller, although the recoveries for the cowl with either dual-rotation 
propeller were lover than those for a similar cowl with a fouriblade 
singlerotation propeller, 

The pressure recoveries for the dual-rotatian propeller-spinner 
cowling conibination with the gap between the platform and propeller 
blade sealed (propeller alined with platform) were higher than those for 
the same conibination with the gap open. 

-_. 
-- 

The local velocities in the plane of the rear component of the dual- 
rotation propeller were considerably reduced by the presence of the cowl 
(nearly 30 percent lower than free-stream velocity near the surface of 
the spinner for low inlet velocity ratios), whereas the velocities in 
the plane of the front component were nearly fresstream. 

At the design Mach nuniber of 0.80,. inlet ve_locity ratio of 0.50, 
advance ratio of 4.2, and the near design blade angle of 65O, the mx- 
imum efficiencies obtained for the six- and eigh-kblade dual-rotation 
propellers with the cowl were 75 and 76 percent, respectively. 

The maximum efficiencies of the six- and eight4lade dualrotation 
propellers when operating in the ,presence of the cowl were higher, for 
all comparable conditions, than those for the isolated dual-rotation 
propeller-epinner conibinations. 

The effect of inlet velocity ratio on the propeller characteristics 
was small. 

Ames Aeronautical. Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., Oct. 22, 19% 
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HACARM A54.322 m> 

r. 
TABLE I. - COWIJNG~W COCIRDlNATES 

[Coordinates in inches1 

t Dfstance 
f3FOD.l 

leading 
edge of 

Carl, 
=c 

NACA 
162.8-070 

cowl, 
-=f, 

rC 

9 
-022 
,044 
.&5 
,109 
,218 

:g 
l 544 
-871 

1.198 
1.524 
1.851 
2.178 
2.613 
3.049 
3.484 
3.920 

g: 
p&7 

6:751 

87:g 
9-m 

10.889 

4.955 
5.091 

;*g 
5:561 
5.643 
5.853 
;.;g 

. 

% 
7:161 
7.249 
7.367 
7.503 
7.630 
7.703 

$=% . 

Distance RACA 
from 1+3cries 

leadhg inner 
cage of lip, 

cowl, radius, 
xi ri 

Dis tame 

leading 
edge of 

spinner, 
XS 

0 
.005 
.m9 
.01g 
,028 
.037 
.Q47 
,070 
l Q93 
011’1 
.140 
-187 
.234 
,280 

:;;z 
.420 -467 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

4.955 

k-g;: 
4:921 
4.913 

kg 
4:884 

4.816 

Kg 
4:m 
4.799 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

0 
.053 
-106 
.lg8 

:ig 
0595 
= 793 

1.058 
1.454 
1.851 
2.248 
2.644 
3.173 
3.702 
4.231 
4.760 
5.iag 
5.818 
$3; 
8: 198 
9.255 

10.313 
=.37l 
12.429 
13.222 

l7 

NACA 
146.5-085 

spinner, 
radius, 

Ta- 

0 
.240 

:Eo’ 
- 599 

:;;A- 

0977 
1.151 
1.380 
1.579 
1.751 
1.M 
2.65 
2.267 
2.424 
2.570 
2.704 
2.827 
2.939 

33’2; 
3:3* 
3.501 
3.571 ;-z: . 

c 



TABIE II.- LOCAL irE&!xITy RATIO, u/v 
(a) HAOA l-&.-5 dual-rotation eplmer, front plane of rotation 
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!rABu II.- JLCAL VELamY FmIO, u/v - contimed. 
(b) HACA b46.5435 dual-rotation spinner, reax -pIme of rotation 



TABIZ II.-LOCALVELWCTYRATIO, U/V-Concluded 
(c) l4AcA 146.~7 singkotation spinner 

A - 0.30 n - D 
Radial 

0.40 II 0.60 

miw, 
in. 

Inlet Tp1ocity ratio, a/v 1nl.d rcloci~ ratio. VI/v Inlet vclceltJ ratio, VI/v 

0.3 0.61 0.80 1.00 1.30 0.39 0.63 0.81 1.03 1.x, o.~ c,.~~ 0.54 0.59 0.78 1.00 1.9 

0.80 1.16 o-31 

wo7 0.937 0.799 
:E -930 .m .7&J ,784 
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TABIE III,- INDEX OF DMA FIGURES ..- --- .- 

21 

6 

8' 
9 

b10 
ll 
12 

(Hm?)/(KIP) vs. r 
(Hrd/(IFp) ~6. VI/V 
(Hrd/(Hd -. J 

i 
okR)/(K1p) vs. r 
(Hrd/(Kp) vs. V,/V 

U/V VE. r 

16 

l7 

18 

19 

520 

%l 

b22 

JtQ$ 

Eeaovary d&a 

I 
(4 0.30 to 0.84 
(4 0.30 to 0.84 
6 lo.30 to 0.80 

0.30 to 0.84 
0.60 

0.30 to 0.80 
0.30 to 0.80 
0.30 ta 0.84 
0.30 to 0.80 

0.80 

--- 
--- 

40 to 70 

40 tb 'lo 
40 to -p 
40 to -(o 
40 to 70 

(el 

0.28 to 1.09 
0.28 to Log 
0.28 to 1.08 
0.27 to 1.03 
0.31 to 0.96 
0.27 to 1.05 
0.28 to 1.08 
0.27 to 1.03 
0.28 to 1.09 
0.22 to o.gg 

(al 0.30 to 0.84 

ler chsracteristics 

- -- 0.29 to Log 

6 

8' 

6 

0 

6 

698 

8 

698 

a 

a 

a 

a 

~ 

0 

0 

I.30 to 0.80 40 to 70 0.28 to 1.00 

Llj to 0.84 40 to 70 0.27 t0 1.03 

I.30 to 0.80 40 to -p 0.28 to 1.08 

1.13 to 0.84 40 to 70 0.27 h-2 1.03 

0.80 65 0.64 

I.30 to 0.80 40 to 65 0.61-h 0.65 

0.80 65 0.31to 0.96 

.13 to 0.90 40 to 70 0.60 

-Respective mar desigu blade angles. 
fVelocityswveys in plane of frcmtandrear c cnqomnte of the dual+zotation props-r and in 

the plane ofasingl~ation~ller; propellers rermved. (See table IIfortabulated 
data.) 

gcoqwison of aix--blnde 
hc 

dusl-rote.ti oepopeller characteristics tith aowl on and off. 
oIqarism of six+flade- end eighMlad0 dual+otati~opelr uharacterlstica; cowl on. 

icomprison of eight+lade du8l-rotati wller characteristics with oavl (~1 and off. 
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A-17903 

Figure l.- The model mounted on-the 10CKHxmepawer propeller dynamomter 
in the Ams Moot pressure wind tunnel. 

2’ 

T 

NACA 4-(5)(051-037 Propellers 
(developed plan form) 

Note: Dimensions shown in inches. 

10.89 (length of 
NACA I-62.8-070 Cowl) 

-Model center line- 

LNACA I-46.5-085 Spinner’, LRom-recovery rake location 

‘blatform juncture 
. 

Figure *2.- Model arramgeIllent. 

-3 
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ITACA RM A54322 

I I\ 

- .054c, .2 yEy 
.4 6 .8 . lO54 

Fraction of tip radius, r/R 

c pl .- 
: 
0 

72 

.64 

.56 p 

.24 g 
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- 
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Figure 3.- Blade+Porm c-s for the NACA b-(5)(05)-037 six- and eigh-b- 
blade dual-ro-ktion propellera. 

. 
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A-17902 

Figure 4.- Closeup of model showing pl&tfmn propellelcspimer junctures. 

-- 

Platform coordinates 

Fbmt 

5 yP 
3.482 2.890 
3.720 2.924 

-3.020 2.992 
4.320 3.167 
4.720 3.220 
6.520 3.220 
6.920 3.317 
7,320 3.411 
7.706 3.602 

xear 
AlI dimensions in inches 

a yP PIatforms shown in deveIaped pIan form 
Platforms a&ne with bIadas when 

8.582 3.666 
&=65" 

8.820 3.695 
and fiR -64.2" 

9.220 3.760 
9.620 3.825 

10.020 5.860 
11.420 3.860 
11,820 3.890 
12.220 3.950 
12.806 4.040 

Figure 5.- Platform arrangement and coordinates. 

vr, 

/ 
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1.00 
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.681 
3.6 4.0 4.4 4.8 

4 I: ! ! ! I -m-s 

3.6 4.0 4.4 4.8 
Radial station, r, in. 

q/v 
0.29 

.39 

.5 I 
82 -. 

3.6 4.0 4.4 48 

160 
.80 

1.08 

I 

(a) M = 0.30 (b) M = 0.40 (c) M = 0.60 5 

Figure 6.- S variation of the average rekm-recovery ratio across the duct; propeller removed. 
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NACA I-62.8-070 D-type cowl in combination with 
- (I) An NACA I-46.5-085 dual-rotation spinner 
----- (2) An NACA I-46.5-085 dual-rotation spinner . 

(ref. 5 ) 
- - (3) An NACA I-46.5-047 single-rotation spinner 

(ref. I ) 

0” .- 
P .84 
)r 
& i i 
a’ I~ldl I f I 
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IAll I I 
t 5 I I I 
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I I I I I 

I A# I I f I I I I I 
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Ir .76 Af 

.72.2 .4 .6 .8 -ysy 1.0 1.2 

M 
0 0.30 
Cl -40 
0 .60 
A .70 ” 
V .80 
D .84 

In let velocity ratio, q/v 
I 

Figure 7.- The effect of inlet velocity ratio on the average re3weccmry 
ratio; propeller removed. . 
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Figure 8.- !Cha eflect of advance ratio on the average ram-!recowry rdA.0; propller operating. 
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Figure 8.- Concluaed. & 
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Figure g.- The effect cc? ad-mnce ratio cm the avexage ramrecmxy ratio; propeller aperating. 
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- iI-- (c) M = 0.60; B = 8 
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(a) M = 0.70; B = 8 

Figure 9.- Continued. 
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Figure lO.- The effect of sealing the propell.e~pl&tforq gap on 
var ,laticn of the average ran+m cc-very ratf o with advance rat i 
M= : 0.80, pE = 650, B = 8. 
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ligure ll.- The variation of the average EUII-IBCOV~~~~~O BCXCIB~~~ am-t; propemr operating, 
J for 9%. 

\ 

E 
E! 
c 

it to 



&=%O, J=2.30 &-60°, J=3.30 k?F=5@-, J=2.40 

7 .88 
f 
: .84 

u/v 

.;” 
e .80 
h 

&=60’, J=3.40 

3.6 4x1 44 4B 3.6 4.0 4.4 4.8 3.6 40 4.4 4.8 38 4.0 4.4 4.8 

Radial station, r, in. 

(c)M=O.&;B=6 (a) M = 0.40; B = 8 

Figure Il.- continuea. 
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Figure 11.- Contirlue~. 
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Figure 12.- Concluded. 
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Figure 13.- Comparison of the average rwecovery 
eight- blade dual-rotation propellers operating 
for the propeller renmved; J for qamax. 
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-I NACA I-series D-type cowl with dual- 
rotation prop&x 
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